Abstract: Purpose. Human immunodefi ciency virus (HIV) in the elderly population has serious repercussions. The elderly are underdiagnosed for HIV and the costs associated with their late-stage care represent a fi nancial burden to the public health system. The purpose is to analyze various profi les among a cohort of elderly patients with HIV/AIDS. Methods. This is a baseline cohort 60 years or older seen in the Retrovirus Research Center between January 2000 to December 2011. We present the profi les of our cohort stratifi ed by gender and body mass index viewed as a covariate of interest. Results. A total of 266 people (68% males and 32% females) seen at the Center were older than 60 years of age. Males were signifi cantly more oft en overweight (p<.05). Females were signifi cantly more underweight with chronic conditions (p<.05). Women had higher CD4 count and lower HIV viral loads (p<.05). Underweight elderly males were more heavily aff ected with the burden of HIV infection compared with women.
L ow body mass index (BMI) has been described as an independent marker of HIV disease progression and directly associated with a decrement in CD4 cell count. 1 Increments in BMI have been associated with a better tolerance of therapy, improvement in CD4 cell count, and better control of HIV viral load. 2 It is unclear if there is a cause and eff ect relationship between the low BMI and lower CD4 cell count and higher viral load. HIV/AIDS in the elderly population is an increasingly relevant issue within the epidemic due to the frequent under-diagnosis of the infection in this age group, the increasing presence and prevalence of other chronic conditions and co-morbid conditions, and the increased costs of health care needed by the elderly subject. 3, 4, 5 HIV infection in the elderly population has particular repercussions in the epidemic and defi nite consequences for providing appropriate health care. According to the recent 2012 UNAIDS Global Epidemic Update there is a steady improvement in the delivery of eff ective treatment to people with HIV across the globe. 6 Unfortunately, the Update does not include data on the growing numbers who are aging with HIV. With the increasing survival of HIV-infected patients, the aging HIV patient will require recognition as a particularly vulnerable group within the HIV spectrum of patients.
Current estimates suggest there are more than three million people aged 50 and older with HIV in Africa alone, and countless more around the world. 7 The Joint United Nations Programme on HIV/AIDS (UNAIDS) estimates that 34.0 million people were living with HIV at the end of 2011. 6 The Centers for Disease Control and Prevention (CDC) reported that, in 2010, 2,500 cases of HIV infection, representing fi ve percent (5%) of all cases of persons living with HIV/AIDS, were reported as incidence among the elderly population along the United States. 8 In Puerto Rico in 2010, the number of cumulative cases of HIV not acquired immunodefi ciency syndrome (AIDS) among the elderly was 687, representing 7% of the total number of people in PR with HIV/ not-AIDS, whereas the cumulative cases of HIV/AIDS among the elderly in Puerto Rico totaled 3,180. 8 Due to the natural biological, psychosocial, and cognitive detrimental mechanisms associated with aging, it is important to investigate in the context of the aging patients the impact of HIV infection. In this paper we present data that evaluates the role of gender as it relates to the risk profi le of elderly HIV-infected patients, gender as a function of co-morbid conditions, and degree of immunological damage. In addition, we present data that highlight the role of body mass index as an important parameter associated with more advanced disease. The study aims are: 1) to describe a cohort of HIV/AIDS elderly patients aged 60 years old and over who seek health services at the Retrovirus Research Center in Hospital Universitario Ramón Ruiz Arnau in Bayamón; 2) to evaluate this population within gender as primary comparison group; 3) to assess body mass index and stage of HIV infection stratifi ed as covariates controlled by gender.
Methods
Research design. The World Health Organization categorizes people ranging from 60 through 74 years old as elderly, 9 although the Pan American Health Organization establishes the range of 60 through 65 years old as elderly. In this paper we have used the cutoff of 60 years as elderly. 10 A multifactorial analysis was constructed stratifi ed by gender among a baseline cohort of HIV-infected elderly patients admitted to the Retrovirus Research Center (RRC) in Bayamón, Puerto Rico between January 2000 and December 2011. The RRC of the Universidad Central del Caribe hosts an HIV registry of adult patients that receive health care at the Ramón Ruiz Arnau University Hospital with its ambulatory immunologic clinic facility. The registry has been operational since 1992. These health facilities provide the majority of the HIV care services to 650,000 inhabitants of the northeastern region of the Island.
As the patients are diagnosed, they are referred to the RRC; the data from the HIV/ AIDS registry is collected at fi rst contact and every six months thereaft er. Aft er an informed consent is obtained, an enrollment questionnaire is completed. Variables included in the analyses were obtained from the enrollment questionnaire which gathered information on HIV risk behaviors, socio-demographic characteristics, and the use of alcohol during a 30-minute face-to-face interview. Laboratory testing is performed and includes CD4 cell count and PCR HIV viral load. Data abstraction of clinical data and laboratory fi ndings were from the 12 months prior to study entry.
Variables studied include body mass index variables (underweight, normal weight and overweight/obese); sociodemographic variables: sex, education (categorized as <6th grade until master's or doctoral degree) and civil status (single through separated). Risk behavior variables (use of drugs and/or alcohol in the last six months); psychosocial variables (suicide attempt in the last six months, among others); clinical manifestations (mental disorders, among others); AIDS stratifi ed by type, laboratory fi ndings (CD4 count and viral load) and treatment. The BMI at study entry was calculated using the following formula BMI = mass (lb)/height 2 × 703, then categorized into three groups, as follows: underweight (BMI≤18.4-18.49), normal (BMI 18.5-24.99) and overweight/ obese (BMI>25). The alcohol abuse variable was abstracted from the patient's medical record and was defi ned as follows: consuming an average of more than two drinks per day or more than 14 drinks per week, or attendance at Alcoholics Anonymous in the last 12 months. 11 Furthermore, the alcohol use variable was defi ned as the consumption of any quantity of alcoholic beverages in the last 12 months. Clinical manifestations included mental disorders (schizophrenia, bipolar state, psychosis and anxiety), renal insuffi ciency, anemia, diabetes mellitus Type II, and cardiovascular disease.
The AIDS stratifi ed by type included the variable Clinical AIDS which was defi ned aft er 1977 by the presence of at least one of the following: Pneumocystis jirovecii pneumonia (PJP), cerebral toxoplasmosis (CT), wasting syndrome, recurrent bacterial pneumonia (RP), pulmonary tuberculosis (PTb) and Kaposi's sarcoma (KS). The variable Immunological AIDS which was defi ned as a CD4 count below 200 cells per cubic millimeter of blood in the last year and HIV alone which was defi ned as a CD4 count above 200 cells per cubic millimeter of blood without any opportunistic infections. 12 The prescriptions of antiretroviral therapies (ART) in the last year were collected dichotomously at baseline. . 13 A normality test using the Shapiro-Wilk estimate was performed in all variables in order to select the correct parametric or non-parametric test. Diff erences between genders including enrollment fi ndings were analyzed with the chi-square distribution or Fisher-exact test. Diff erences among medians between were evaluated using the independent samples Mann-Whitney test.
The general linear model (GLM) is a statistical linear model derived from the multiple regression model: Y = XB + U; where Y is a matrix with series of multivariate measurements; X is a matrix in the form of a design matrix; B is a matrix containing parameters that are usually to be estimated and U is a matrix containing errors or noise.
14 In this study two Multivariate General Linear (MGL) Models were constructed to assess two possible scenarios: First, the relationship of gender as fi xed factor and body mass index (BMI) as covariate with CD4 count and PCR HIV viral load as dependent variables, controlled by use of antiretroviral therapy and type of AIDS. Second, the relationship of BMI as fi xed factor and type of AIDS as covariate with CD4 count and viral load as dependent variables, controlled by use of antiretroviral therapy and gender. A Box's M test of equality of covariances matrices was performed to assess if our models have the assumption of covariance homogeneity (p>.05). The Pillai's Trace estimator was used in order to know if the fi xed factors contribute in the variability of the dependent variables. Note that for both models the covariates were seen as direct interest rather than possible confounders.
A test of Between-Subjects Eff ect with a Pairwise Comparisons using a Bonferroni adjustment for multiple comparisons was applied to perceive statistical diff erences between and within the groups. The signifi cance level (α) was set at ≤ .05.
Results
Gender stratifi cation profi le. There were 266 patients 60 years or over which were enrolled during the baseline study period. The elderly women in our group were signifi cantly widowed, more oft en underweight, had a higher rate of diabetes mellitus, renal insuffi ciency, and reported mental disorder more oft en. (p<.05) The illicit drug profi le was similar to men, with the exception of a small tendency towards less heroin use and less alcohol abuse. (p<.05) The self-reported event of suicide attempts was signifi cantly lower among women. (p<.05) The remainder of the psychosocial profi le was analogous to that of men. The stage of HIV disease was similar across genders although the rate of clinical AIDS at presentation was lower, along with a higher mean CD4 cell count and lower HIV viral load in women. A signifi cantly lower number of women were ART naïve at study entry (see Tables 1 and 2 ). The profi le of men over the age of 60 years revealed a larger number of normal weight and a substantially higher number of self-reported suicide attempts compared with women 60 and older. Alcohol abuse was signifi cantly higher in men than in women. The presence of anemia along with a higher number presenting with clinical AIDS was higher in men. In addition, a lower CD4 cell median count and a higher PCR HIV median viral load were evident in men than in women. Men had a lower baseline ART therapy history at study entry. (Tables 1 and 2) Immunological profi le with BMI and stage of HIV infection as covariates. In 
Discussion
Our research adds new information for understanding the HIV epidemic in the island. 8 The need to understand the socio-demographic profi les present in the geriatric HIVinfected patients is fundamental in order to address relevant interventions strategies. Our studies suggest that the risk scenario and socio-demographic profi le of the elderly people with HIV is similar in men and women. In addition we present data that reveals a diff erent immunological scenario for the elderly HIV-infected patient which is more favorable for women than men. The large number of ART-naïve elderly men with HIV adds credibility to the reported presence of a late diagnosis and or late testing in the elderly HIV-infected patient. Our cohort is predominantly composed of medical indigent patients, thus our study adds an additional dimension of vulnerability in the population studied which is most likely aff ected by disparities in health care delivery and access. 6, 7, 15 It is recognized that despite the elderly being the new at-risk group for HIV, little research is devoted to addressing the specifi c issues aff ecting diagnosis, prevention and treatment of AIDS in this specifi c cohort. 16, 17 Previous studies have demonstrated that having low and high BMI in combination with aging and HIV/AIDS is a real challenge for the future of health services delivery, co-morbidities, planning of health education programs, ageism stigma, and immunosenescence. 2, 3, [18] [19] [20] [21] [22] Older individuals are increasingly becoming a new at-risk group for HIV infection, together with those surviving longer due to the introduction of ART. It is predicted that more than half of all HIV-1-infected individuals in the U.S. will be older than 60 years of age in the year 2015. 8, 23 This trend is similar in Puerto Rico where the population pyramid is suff ering a shift due to the rapid decline of its younger elements. 10 The present study provides the fi rst in depth assessment of the association of gender, BMI, and stage of HIV infections in a cohort of elderly Hispanics. Our data suggest that BMI is signifi cantly associated with degree of deterioration of the CD4 cell count and the HIV viral load. This association is found in both men and women. Nevertheless, the complexity of providing HIV care in this group (given the issues of medication tolerance and adherence, the concomitant presence of co-morbid conditions, and the need for a diverse spectrum of medications required for these co morbid conditions) suggests that body weight and BMI is a relevant marker to follow in the management of these patients. Our cohort data do not measure changes in body weight as a variable at baseline; future longitudinal studies addressing changes in BMI as a prognostic marker are planned. [24] [25] [26] Generally, elderly men tend to have lower CD4 cell count and a high HIV viral load count compared with women; in contrast, elderly women were more willing to take antiretroviral treatment than men. 14, 20, 27 We have found that being obese/overweight with clinical AIDS has an incremental eff ect in CD4 count and a lessening repercussion in PCR HIV viral load count (as obesity and overweight were not distinguished from one another in the present study). At this time we are uncertain whether these eff ects are related solely to being obese/overweight or are the sum of a multifactorial spectrum. Further studies are needed in order to completely explore this association. Our study reveals that underweight men tend to have a lower CD4 cell count and higher PCR viral load count than underweight women. Our observation expands upon those of Avelino-Silva who reported that in general, older HIV-infected patients have lower CD4 cell counts and higher viral loads than younger cohorts. 5 The literature highlights the fact that the process of aging aff ects the complex interaction between HIV infection and the immune system, and that both conditions contribute to the dysfunction of immune cells, including a decrease in the phagocytes' microbicidal capability, natural killer cells' cytolytic function. 5, 15, 21, [28] [29] [30] Our studies introduce the additional variable of BMI as an element that may be synergistically detrimental in the natural history of HIV infection in this cohort of patients. 1, 29, 31 In conclusion, we found a steady diff erence in CD4 cell count and PCR HIV viral load count with a signifi cant association with being underweight and presence of clinical AIDS. It is advised an immediate process for planning and implementing educational and interventional prevention strategies such as those aff ecting BMI focused especially in the Puerto Rican elderly.
Our study data were collected at the time of the participants' enrollment, without evaluating the time related variation of the study variables. Despite this limitation, the study highlights the role gender and body mass index amongst elderly HIV-infected patients in Puerto Rico and the need to reassess culturally adapted approaches and health protocols to target this population.
